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Differential activity of Frizzled in the R3/R4 photo-
receptors of Drosophila regulates the orientation of
ommatidia. New evidence suggests that the cad-
herins Dachsous and Fat act upstream of Frizzled in
this process.
Patterning of the compound eye in the insect
Drosophila is a complex process, which involves a
number of steps that must each be correctly executed
to produce the final precise array of 700–800 hexago-
nal facets. One of the first steps is the recruitment
during larval life of photoreceptors into discrete omma-
tidial units, which go on to form the adult facets.
Nascent ommatidia then undergo coordinated cell
movements and rotate 90°, either clockwise if the
ommatidium is in the dorsal half of the eye, or anti-
clockwise for ventral ommatidia. This results in the
formation of an axis of mirror-image symmetry about
the dorsoventral midline, which is then referred to as
the equator (Figure 1A). Precise rotation is critical for
subsequent correct packing of the ommatidia and its
genetic control is the subject of intense investigation.
Rotation is thought to be controlled by a gradient of a
ligand for the Frizzled (Fz) receptor, between the equator
and the poles of the eye [1–3]. Differential activity of Fz
produced by this gradient in two cells of each ommatid-
ium – the R3/R4 pair – is then critical in determining
direction of rotation. The cell closest to the equator (R3)
has highest activity and the ommatidium rotates such
that this cell moves away from the equator (Figure 1B)
[3,4]. Two papers [5,6] now report evidence that the cad-
herins Dachsous (Ds) and Fat (Ft) play important roles
upstream of Fz in regulating ommatidial rotation.
Both the Wingless (Wg) and JAK/STAT signalling path-
ways have been implicated in the long-range regulation
of the Fz-ligand gradient during eye development [7,8]
(Figure 1D). Wg is expressed in a gradient with high
levels at the poles of the eye [2]. Removing the function
of Wg pathway components in genetic mosaic clones 
in the eye results in defects in ommatidial rotation 
on only the equatorial edges of clones [7], characterised
by ‘inversions’ — rotation 90° in the wrong direction. This
is consistent with the Wg pathway inhibiting the produc-
tion of a Fz-ligand gradient. Conversely, JAK/STAT
pathway activity is high at the equator and mosaic clones
of pathway components show ommatidial inversions on
their polar edge, consistent with the JAK/STAT pathway
positively regulating production of Fz-ligand [8]. Both Wg
and JAK/STAT may act through the product of the four-
jointed (fj) gene, a type II transmembrane protein. fj is
also expressed in a gradient [9,10], at least partly result-
ing from inhibition by Wg and positive regulation by
JAK/STAT [11,12]. Clones of fj show ommatidial inver-
sions on their polar edge, suggesting that fj is itself reg-
ulating the Fz-ligand gradient [12].
It has long been suspected that fj might act in a
common pathway with the cadherin encoding genes
ds and ft due to their similar phenotypes in proxi-
modistal limb patterning, and genetic interactions
[13–15]. In addition, ds, ft and fj regulate planar polar-
ity of the adult wing [16,17] and the clonal phenotypes
of ds and fj are consistent with them acting non-
autonomously to regulate the propagation of a polar-
ity ligand in this tissue. It is therefore no surprise that
Yang et al. [5] and Rawls et al. [6] now show that ds
and ft mutations each result in defects in ommatidial
rotation, the direction of rotation being partially ran-
domised throughout the eye (Figure 1C).
Both groups [5,6] place ds and ft function upstream
of fz activity in the R3/R4 pair. In addition, Yang et al.
[5] show by analysis of epistatic and regulatory inter-
actions that ds is likely to act upstream of ft as a
repressor of its activity and that ds is itself regulated
by both fj and wg, resulting in a gradient of both ds
transcript and protein [5,14]. In contrast, ft transcript
and protein are uniformly distributed across the eye
disc [5,6,15]. Taken together, these results support a
model whereby there is a gradient of Ft activity across
the dorsal–ventral axis of the eye, high at the equator
and low at the poles, which in turn modulates Fz activ-
ity such that in each R3/R4 pair, the R3 photoreceptor
has higher Fz activity (Figure 1D).
How directly does Ft regulate Fz activity? Both
papers [5,6] report mosaic analyses of ft and ds activity
in ommatidia, and find a bias towards high ft activity
determining R3 fate, whereas high ds activity promotes
R4 fate. Notably, the result with ft is strikingly similar to
that seen for mosaic analysis of fz [3,4]. Based on these
data, Yang et al. [5] propose a model in which Ft acts
directly in the R3 photoreceptor to modulate Fz sig-
nalling activity. Whilst this interpretation is attractive,
there are a number of problems with it. Firstly, Rawls
et al. [6] elegantly show that the bias seen in the mosaic
analysis is likely to be an experimental artefact, caused
by the inherent properties of eye disc biology and the
difficulties of interpreting mosaic data for factors that
act non-autonomously relative to individual photore-
ceptors. Secondly, although mosaic analyses of ft and
fz yield similar results, their overall loss of function phe-
notypes differ significantly. Loss of fz in R3/R4 often
results in ommatidia with either two R3 or two R4 cells
[3,4], whereas this is not seen in ft mutants [5,6]. Simi-
larly, other markers of R3/R4 fate such as Notch activ-
ity are differently affected [5,18].
Overall, the data seem to support an indirect role for
Ft in regulation of Fz activity. The exact mechanism
remains unclear, but there are a number of possible
models. Firstly, Ft might regulate the release of the
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predicted Fz-ligand. In this case, ft clones would be
expected to show non-autonomous effects on omma-
tidial rotation, as reported by Yang et al. [5]. Con-
versely, Rawls et al. [6] did not observe non-autonomous
phenotypes around ft clones, and favour a model
whereby ft is involved not in regulating a secreted
ligand, but in defining the position of the equator.
Finally, as fj, ds and fz are essential for polarity pat-
terning in both the eye and the wing, it is tempting to
think that these genes and ft might constitute an evo-
lutionarily conserved cassette [5]. However, their roles
and inter-relationships are not strictly analogous in
each situation and the cross-regulatory interactions
between these loci do not support a simple linear
pathway. For instance, fj transcription is in fact regu-
lated by both ds and ft as well as showing autoregula-
tion. And in the eye, mosaic phenotypes are consistent
with fz and fj having high activity at the equator and
low activity at the poles [3,12], whereas ds shows the
opposite [5]. Conversely, in the wing fz and ds now
both show a proximal to distal activity gradient
[16,19], whilst fj acts in the opposite direction [17].
Further studies of these factors will be required to
resolve these mysteries.
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Figure 1.
(A) Adult eye section, showing ommatidia
on the dorsal side of the equator (red line)
pointing in the opposite direction to
ommatidia on the ventral side. (B) The
cell of the R3/R4 pair closest to the
equator (red line) has higher Fz activity
(green), and acquires the R3 fate. The
cluster then rotates, with the R3 cell
rotating away from the equator. (C)
Section through the dorsal part of a
ds38K/dsUA071 eye, showing some omma-
tidia with a ventral-type orientation
(circled). (D) Summary of the factors reg-
ulating patterning across the dorso-
ventral axis of the eye. Gradients of
protein expression or activity in the eye
disc are shown, together with some of
their known cross-regulatory interactions.
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